Introduction
Europe is an increasingly urban society. Two-thirds of Europeans currently live in cities and, by 2050, four out of five Europeans are predicted to be living in urban areas. Europe's urban centres therefore have many environmental challenges to face.
The European Green Capital Award, an initiative of the European Commission environment directorate, was conceived to promote and reward the efforts of local authorities in improving the urban environment, and their high level of commitment to genuine progress.
The theme of the European Union (EU) seventh environment action programme, 'Living well, within the limits of our planet' (EC, 2013) , strives to enable Europe to become a smart, sustainable and inclusive economy and to break any emerging unsustainable trends. The programme sets out a strategic agenda for member states on environmental policy-making, with nine priority objectives to be achieved by 2020. Priority objective eight clearly sets the goal, 'to enhance the sustainability of EU cities'. The programme and this specific objective underpin the European Green Capital Award.
To date there have been seven award winners; Stockholm in Sweden (2010), Hamburg in Germany (2011), Vitoria-Gasteiz in Spain (2012) , Nantes in France (2013) , Copenhagen in Denmark (2014) . Bristol in the UK will hold the title in 2015 and Ljubljana in Slovenia will be the title holder in 2016. Since the initiative started, over 60 cities from 25 countries across Europe have entered (Figure 1 ).
To be considered for the European Green Capital Award, cities must demonstrate that they j consistently achieve high environmental standards j are committed to ongoing ambitious goals for further environmental improvement and sustainable development j can serve as a role model for their peers.
Role of civil engineers in sustainable development
Traditional civil engineering sectors À such as construction, road design, drainage, flood control and water engineering À are evolving to incorporate sustainable environmental design with the end goal of making cities better places in which to live. This may be in the form of lower-energy materials, more sustainable infrastructure designs and increased efficiency in their procurement, delivery and operation.
The European Green Capital Award provides cities with a platform to showcase their environmental policies across the municipal spectrum together with current practices, many of which fall within traditional civil engineering sectors (e.g. water supply, drainage, transportation, wastewater treatment and waste management).
Applicants are evaluated based on 12 technical indicator areas, as follows j climate change: mitigation and adaptation j local transport j green urban areas incorporating sustainable land use j nature and biodiversity j ambient air quality j quality of the acoustic environment j waste production and management j water management j waste water treatment j eco-innovation and sustainable employment j energy performance j integrated environmental management.
Each year applicant cities are required to submit a detailed application form covering all 12 indicator areas. This is then evaluated by an international panel of experts and three to five cities are shortlisted. These are then invited to make a detailed presentation before an EU-appointed jury. The jury includes representatives from the European Commission, European Environment Agency, Covenant of Mayors, ICLEI -Local Governments for Sustainability, European Parliament, Committee of Regions and the European Environment Bureau.
A recurring theme in European environmental policy, legislation and current best practice is an integrated approach to environmental management. In the development of this paper the civil engineering team within the European Green Capital Award secretariat have, following a review of the literature produced by the European Green Capital Award (O'Neill and MacHugh, 2015; O'Neill and Rudden, 2012, 2014; Richelsen and Søhuus, 2010) , taken a look back at winning cities to see how environmental engineering projects were integrated across different environmental indicators, as described in the following sections.
Stockholm, Sweden -innovation in waste management
Stockholm in Sweden, with 800 000 citizens, is the second largest city to have received the award to date. An impressive feature of Stockholm's application (Lindman, 2008) was the Hammarby urban model (Freudenthal, 2007) . This considers the city as an urban ecosystem, within which the requirements of the citizen are considered in terms of energy, water and wastewater requirements (Figure 2) .
The model incorporates the automated vacuum collection system that has been used in Stockholm for a number of years. This pneumatic collection system was originally developed to accommodate waste collection during snowy weather conditions, with the added benefit of minimum vibration damage to old city precincts from collection vehicles. It reduces the need for waste vehicles to enter a residential or business area to make individual municipal waste collections, resulting in less traffic and lower carbon dioxide emissions. Additional benefits include reduced odour from waste storage, lower noise pollution from truck movements and safer working environments for waste collection staff.
The system works on the principle that domestic customers can present their waste for collection by using refuse chutes located at street level. They receive a customer card which unlocks the refuse chute and allows them to place a bag of waste inside the chute. The waste is then transported by vacuum suction through a series of underground pipes to a central waste storage point ( Figure 3) .
Waste is then separated into three waste streams: combustible waste or mixed municipal waste; food and garden waste; and a range of mixed dry recyclable materials such as newspaper, glass and cardboard. The collection station houses an advanced control system that sends the various waste streams to the appropriate container. Waste collectors are contracted to the relevant collection docking point, where the tanks are emptied and the waste is transferred onwards for further treatment.
Ljubljana in Slovenia also has an underground waste storage system with a similar 'pay as you throw' system through a customer card.
Hamburg, Germany -new wastewater treatment technologies
Hamburg in Germany is the largest city to win the award to date, with a population of over 1 . 7 million inhabitants (EC, 2015a). One example of innovative technologies within the city's application was its wastewater treatment system (Hamburg Wasser, 2015) .
Wastewater treatment in Hamburg uses efficient technologies, for example a patented 'store and treat' process, to fulfil the requirements stipulated in the EU directive on urban wastewater treatment. The store and treat process has been implemented in the city's central Köhlbrandhöft and Dradenau wastewater treatment plant. The combined treatment plant has an influent load of a 2 . 7 million population equivalent.
Average effluent concentrations for chemical oxygen demand and biochemical oxygen demand at the plant are 49 mg/l and 4 mg/l respectively, which are significantly lower than the respective EU directive values of 125 mg/l and 25 mg/l. Emissions from the facility are 30% below the threshold for total phosphorus of 1 mg/l, while the annual reduction achieved on total nitrogen load is also significantly higher than required.
The patented store and treat process is a two-phase process. Phase 1 involves the storage of warm centrate produced from the dewatering of digester sludge. Phase 2 involves the transformation of ammonia into nitrite within the storage tanks by aeration. The nitrite-rich treated centrate is dosed into the de-nitrification zone of the treatment plant. This enables the continuous ammonia and nitrite load of the centrate from the sewage sludge to be matched with the discontinuous dissolved carbon load in the sewage flow. The aim is to optimise the de-nitrification process and increase nitrogen removal.
The process also reduces the total energy consumption of the treatment plant. The facility produces high-quality biogas that is used as fuel within Hamburg Water's vehicle fleet, for heat within municipal office buildings in Hamburg and potentially in the operation of decentralised combined heat and power systems in private buildings. Hamburg's key goal is for the water works and the sewage company to be energy autonomous by 2018.
Final treatment of sewage is often both challenging and costly. Historically the material was deposited in the North Sea and the Atlantic. However, since the treatment plant started operation in 1998, practices have changed considerably. Final sludges produced through the process are treated at incineration plants within Hamburg, where the ash produced from the incineration process is recycled to a useful building material, such as revetment material to fix the banks along the River Elbe.
The innovative 'Hamburg water cycle' is a drainage and sewer system that manages domestic sewage from new housing developments in the city's Wandsbek district (Figure 4 ). As part of the system design, different streams of wastewater are treated separately: storm water, foul water and grey water from showers, washing machines and so on. Storm water and treated grey water will be used to operate a cascade and a small lake as open-water amenities for the benefit of Hamburg's citizens. Foul water from households will be collected through a vacuum system and treated anaerobically on-site. Biogas produced will be used for operating a combined heat and power plant. Energy from the waste water, heat from geo-and solar-thermal devices has also been added to the design to make this an energy-autonomous district.
The closed-loop water cycle has also increased the environmental sustainability of the existing advanced wastewater treatment plant at Köhlbrandhöft and Dradenau, demonstrating to civil and process engineers how improved systems and processes can lead to increased environmental sustainability. (2015) is a novel solution to many environmental and engineering challenges encountered in an urban environment. The green belt, realised to link the abundant natural areas around the city with its inhabitants, consists of five large suburban parks with recreational and agricultural areas. The parks vary from remediated wetlands, river areas and floodplains, forested areas and designed urban parks. The semi-natural green belt has been 'work in progress' since the early 1990s, with significant effort and investment in reclaiming degraded areas such as gravel pits and drained wetlands.
At present there are over 613 ha of green belt surrounding the city, with plans to extend to a further 174 ha in the near future ( Figure 5 ). The site draws approximately 600 000 visitors annually and contains 210 organic farms, with future plans to extend this. In 2010, the United Nations chose the Mobility and Public Space Plan in Victoria-Gasteiz as one of the 100 best projects worldwide in the UN-Habitat Dubai International Award for Best Practices to Improve the Living Environment (UNHabitat, 2010).
The green belt is an exemplary project for urban development and redevelopment. Not only does the belt link the city with nature but it also involves significant design and engineering works for land remediation, regeneration and flood prevention. The belt itself comprises a number of linked parks surrounding the city, some of which have been restored from a serious state of decline, as follows.
j Salburua wetlands À former drained wetlands that have now been restored and are used for flood prevention works in the city. j Zabalgana Park À former gravel pits that have been restored to grassland and forested areas. j Zadorra Park À a river stretching 13 km posing significant difficulties regarding flood prevention and localised erosion of river banks.
Nantes, France À greening transport infrastructure
A green city is an accessible city, and Nantes in western France has worked towards making its public transport infrastructure accessible to all (EC, 2015b) . A port city with a population of approximately 550 000, Nantes has encountered transportation challenges due to linked land and water areas of the city.
For example, its location on the Loire River estuary presents crossing challenges, while its location at the tip of the Sillon de Bretagne fault line creates problems for railway construction. With limited modes and crossing options available, public transport infrastructure development required a concerted effort to encourage motorists to move from their cars to other transport modes. So far 15% of daily journeys are now on public transport and the figure is growing.
The city's urban mobility plan is an example of an integrated mobility approach which sets out targets for 2030 with a focus on better spatial planning, coordination of public transport links, better facilities for pedestrians and cyclists and bringing environmentally friendly solutions to the top of the agenda.
Nantes aimed to re-link the city through the use of an electric tramway network. The 42 km network carries approximately 65 million passenger journeys per year and is the longest in France. A project to create high-performance transport links between the city tram lines is underway, designed to increase usage and lessen car dependence further.
Nantes also introduced its innovative Busway system in 2006. The system is unlike most public bus services in that the buses use dedicated bus lanes which have right of way over other traffic at junctions. This allows increased efficiencies in terms of journey times.
A further development of the Busway concept is the Chronobus. This incorporates road widening and dedicated roundabouts on routes to allow even further travel time efficiencies, optimised frequency and guaranteed journey times. Seven lines are currently in place and there are proposals for further route development.
The city has worked to revolutionise its bus fleet with increased usage of alternative fuels. There are now almost 300 standard and articulated buses -80% of the city's fleetoperating on compressed natural gas. Nantes has also used its integrated mobility plan to enable a reduction in space dedicated to private cars. This is achieved through a combination of measures such as pedestrianised areas (Figure 6 ), prioritisation and creation of cycle routes, public transport corridors and restricted parking.
Bristol, UK -food waste to fuel
Waste reduction and resource efficiency is a major priority for all European cities and the management of food waste is a growing challenge. There are increasing pressures and requirements at a European level for the diversion of biodegradable waste from landfill and significant landfill taxes being imposed for its disposal.
UK waste campaigner Wrap reports that citizens and businesses in the UK throw away approximately 7 Mt of food waste every year (Quested et al., 2012) . The European landfill directive (EC, 1999) sets targets for all member states to reduce the volume of biodegradable waste going to landfill to 35% of 1995 levels by 2020. Anaerobic digestion of food waste is one such method of diversion from landfill that will assist the achievement of the UK's targets, and this has been implemented in Bristol (EC, 2015c) .
A holistic approach to food waste management allows for efficiencies from an economic point of view and, as in the Bristol example, can also allow for reduced carbon dioxide emissions through integration with energy generation and transportation.
Anaerobic digestion of sewage sludge has been implemented at the Bristol urban wastewater treatment plant for a number of years. Approximately 30 GWh of energy is generated per year using sewage feedstock alone.
The treatment plant and food waste anaerobic digestion facility located in Bristol and operated by GenEco (2015), a subsidiary of Wessex Water, is the first food waste facility to be located at a treatment plant in the UK. It is expected that the facility will treat approximately 40 000 t of food waste a year with a potential to generate over 10 GWh of electricity.
The biodegradable waste goes through a stringent process before conversion to biogas for energy and digestate to create fertiliser, providing for a full-cycle approach to food waste management. The biogas is cleaned and can then be used for the creation of electricity and heat in localised systems, injected into the gas network or further refined for use as a transportation fuel. The residual waste is pasteurised to allow conversion into fertiliser for agricultural land (Figure 7) .
The generation of fuel from food waste in Bristol not only contributes to the diversion of biodegradable waste from landfill but also contributes to the environmental sustainability at the plant, which is carbon dioxide emissions neutral and energy selfsufficient. The development of an 8 MW wind farm on site at the end of 2013 has also contributed to the environmental sustainability of the plant.
GenEco has additionally worked with the South West Regional Development Agency to trial a biogas-fuelled Volkswagen Beetle car. Results have shown that this is a viable transportation fuel and there are hopes in the future to convert further vehicles of the company fleet.
Conclusion
The case studies presented from winners of the European Green Capital Award to date demonstrate a holistic approach to the engineering and environmental sustainability of cities.
It is only through integration with other key aspects of the urban environment that a viable technical solution with tangible, efficient and long-term results can be achieved.
Innovative solutions to urban challenges tend to have a high focus on integration of planning, engineering and environment, whether with other municipal systems as in the Hammarby model in Stockholm, or with the Bristol urban wastewater treatment plant, or with other modes within the sector as in the Nantes urban mobility plan. Communication and engagement with citizens are key contributors to the success of urban environmental programmes to gather support for actors and ultimate usability for citizens. It is this combination of innovation, integration and communication that is truly evident in the European Green Capitals.
Civil engineering solutions provide the key to achieving environmental sustainability in cities. It is also evident that it is cities which drive growth within European economies through eco-innovation and sustainable employment for the benefit of all citizens. 
